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SUMMARY

The literature review and technical evaluation of sediment resuspension
during dredging reported herein were part of the US Army Engineer Waterways
Experiment Station’s study to evaluate existing dredging equipment and
dredging techniques and to describe improved techniques for dredging highly
contaminated sediments in order to minimize the environmental impact associ-
ated with such activities.

In the first phase of the study, data on dredging equipment and tech-
niques were collected from various agencies such as US Army Corps of Engineers
District Offices, the US Environmental Protection Agency, and authorities in
the field of dredging in the United States, Japan, and Europe. These data
were compiled and evaluated to e<tablish a general database on the performance
of conventional dredges and to identify factors that influence the generation
of turbidity during the dredging process. Possible measures to reduce sedi-
ment resuspension and undesirable environmental impacts by conventional
dredges were examined, and their relative merits and demerits were assessed.

In view of the development and large-scale use of unconventional dredges
in Europe and Japan for highly contaminated sediments, these dredges were also
studied, and poscible use in the United States was examined keeping in view

the limitations of such equipment.
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PREFACE

The literature review and technical evaluation of sediment resuspension
during dredging reported herein were part of the work being conducted by the
US Army Engineer Waterways Experiment Station (WES) to evaluate existing
equipment and dredging techniques and to develop improved techniques for
dredging highly contaminated sediments. This study is one of several con-
ducted under Work Unit 32433, "Contaminant Release Control During Dredging,"
of the Improvement of Operations and Maintenance Techniques (IOMT) Program,
sponsored by Headquarters, US Army Corps of Engineers (HQUSACE). Overall
management of the IOMT Program is assigned to the WES Hydraulics Laboratory
(HL), and this work unit was further assigned to the WES Environmental
Laboratory (EL). This study was performed under Contract No. DACW39-82-M-3249
to the Center for Dredging Studies, Texas A&M University, College Station, TX.

This report was written by Dr. John B. Herbich, Director, Center for
Dredging Studies, and Head, Ocean Engineering Program, and Mr. Shashikant B
Brahme, Ocean Engineering Program, Texas A&M University. Data and reports
were obtained from most of the District Offices of the US Army Corps of
Engineers and the US Environmental Protection Agency. A part of the informa-
tion was also obtained from agencies and individuals in The Nethe ‘lands and
Japan.

This study was monitored by Dr. Raymond L. Montgomery, Chief, Environ-
mental Engineering Division (EED), EL, WES, under the general supervision of
Dr. John Harrison, Chief, EL. The IOMT Program Managers were Messrs. E, Clark
McNair, Jr., and Robert F. Athow, Jr., HL. Technical Monitors for HQUSACE
were Messrs. James L. Gottesman and Charles Hummer. Extensive review and
revisions were provided by Dr. Robert N. Havis and Mr. Donald F. Hayes, both
of the Water Resources Engineering Group, EED. Ms. Cheryl M. Lloyd provided
assistance in preparing the report for publication. Technical reviews were
provided by Dr. Havis and Dr. Michael R. Palermo, EED. The report was edited
by Ms. Lee T. Byrne of the Information Technology Laboratory, WES.

Commander and Director of WES during publication of this report was

COL Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin.




This report should be cited as follows:

Herbich, John B., and Brahme, Shashikant B. 1991. "Literature Review
and Technical Evaluation of Sediment Resuspension During Dredging,"
Contract Report HL-91-1, prepared by Texas A&M University, College Sta-
tion, TX, for the US Army Engineer Waterways Experiment Station,
Vicksburg, MS.
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CONVERSION FACTORS NON-SI to SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
cubic yards 0.7645549 cubic meters
degree (angle) 0.01745329 radians
feet 0.3048 meters
gallons (US liquid) 3,785412 cubic decimeters
horsepower (550 foot- 745.6999 watts

pounds (force) per

second)
inches 25.4 millimeters
knots (international) 0.5144444 meters per second
miles (US statute) 1.609347 kilometers
square miles 2.589998 square kilometers
tons (2,000 pounds, mass) 907.1847 kilograms
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LITERATURE REVIEW AND TECHNICAL EVALUATION
OF SEDIMENT RESUSPENSION DURING DREDGING

PART I: INTRODUCTION

Background

1. The job of developing and maintaining the Nation's waterways is
entrusted to the US Army Corps of Engineers (USACE). A large portion of the
necessary work is conducted by private industry under contract with the Corps,
which maintains a small fleet of dredges including hopper dredges, side cast-
ers, hydraulic cutterheads, and dustpans. The cost of dredging is increasing
every year, A National Dredging Study conducted in 1975 indicated that a
total of over 450 dredges belonged to the dredging industry (Murden and
Goodier 1976) and ranged from hydraulic units, with and without cutterheads,
to wireline-operated bucket dredges and dipper and dragline dredges. This
1975 National Dredging Study also revealed that the US dredging fleet was
aged, suffered from obsolescence, lacked deep~dredging capabilities, and
needed accurate production instrumentation. The study spurred substantial
improvements and additions, both private and government-owned, to the US
dredging fleet,

2. The contamination of sediments in many US waterways and harbors over
the years has resulted in much concern that dredging and disposal of dredged
material may adversely affect water quality and aquatic life. A number of
localized studies have been conducted in the past to investigate the environ-
mental impact of specific disposal practices and to explore alternative dis-
posal methods. Since these studies did not provide sufficient definitive
information on the environmental impact of disposal practices, it was con-
cluded that a broad-~based program of research was needed to develop the widest
possible choice of technically satisfactory, environmentally compatible, and
economically feasible disposal practices (Huston and Huston 1976). As a
result, the USACE was authorized by the River and Harbor Act of 1970 to imple-
ment a nationwide program to provide more definitive information on the envi-
ronmental impact of dredging and dredged material disposal operations. With

the ¢stablished importance of dredging and the need for environmentally




compatible dredging and disposal operations, much public emphasis has been
placed upon the effects of dredging and disposal practices on water quality.
At the same time, concern was expressed about turbidity created by dredging
and disposal operations,

3. The past dredging practices in the United States have evolved to
achieve the greatest possible economic returns through maximizing production
with only secondary consideracions given to environmental impacts. The con-
ventional dredges, therefore, are not specifically designed or intended for
use in dredging highly contaminated sediments. However, modifications to
equipment and dredging techniques could potentially result in their use in
dredging highly contaminated sediments with minimal adverse impact on the
environment. The US Army Engineer Waterways Experiment Station (WES) is con-
ducting studies to evaluate existing equipment and dredging techniques and to
develop improved techniques for dredging highly contaminated sediments
(Montgomery and Raymond 1982), Barnard (1978), published under the Dredged
Material Research Program (DMRP), summarized several studies that investigated
the amount of turbidity generated during dredging for various types of equip-
ment and operating conditions. However, a more detailed review of existing
research results is necessary to identify dredging equipment and techniques
for use in minimizing turbidity and contaminant dispersion at the point of
sediment excavation., Considerable information is available from various lit-
erature sources regarding the problem of dredged material resuspension during
dredging. There 1s a need to evaluate all the available information and pro-
vide guidance in selecting the best dredges for various projects involving
contaminated sediments. Such literature evaluation will also contribute to
the assessment of needs for new improved equipment and techniques for dredging
contaminated sediments. Turbidity will be the indicator parameter of sediment

resuspension around the dredge.

Objectives

4, The study reported herein was undertaken in two phases. Task I
basically consists of a literature review to determine what has been done to
evaluate the environmental impact associated with different types of dredging
equipment and techniques. This phase of the study includes collection and

analysis of data available from various Corps Offices and other sources both

10




domestic and foreign. This establishes a general data base on the performance
of conventional dredges. Based on knowledge, experience, and existing
research results, the important factors influencing the generation of turbid-
ity during dredging are identified. These factors include, but are not lim-
ited to, the type and characteristics of the dredge, the sediment types, and
the environmental and operational conditions. The important turbidity-
producing factors are identified for each conventional dredge, which includes
hopper, cutterhead, plain suction, dustpan, and bucket., Unconventional dredg-
ing systems presently in use to pump slurries with high solids content or to
minimize sediment resuspension are also considered., Past work on the use of
hooded shields on cutterheads, silt curtains, and other equipment used to
reduce turbidity around the dredge head is reviewed and evaluated. In com-
pilation of the existing data, the resuspension of solids during the dredging
process and the resulting turbidity are considered.

5. 1In Task II, the existing equipment and dredging techniques are eval-
uated, and a detailed report presents an evaluation of the solids resuspension
potential for each type of dredge. The main objective in compiling and eval-
uating these data is to provide information to aid in the future development
of rating factors that will be used in determining potential resuspension of

contaminants for each of several dredging types and dredging conditions,

Inquiries and Data Collection

6. Most of the data perused for the literature review in the present
study was obtained from the main library of Texas A&M University (TAMU) and
the small library of the Ocean Engineering Program and Center for Dredging
Studies, TAMU. The literature used consists of publications from the DMRP and
the Environmental Laboratory of WES, the US Environmental Protection Agency
(USEPA), the proceedings of the U.S./Japan Experts Meetings, the World Dredg-
ing Conferences, and journals related to dredging such as World Dredging and

Marine Construction, Ports and Dredging, Hydro Delft, Land and Water Interna-

tional, and Dock and Harbour Authority. Efforts were made to contact knowl-~

edgeable persons in the field of dredging, both domestic and foreign. A list
of persons contacted is given in Appendix A. A list of data and reports
received from various organizations is presented in Appendix B. Appendix C

contains abstracts of selected references and personal communications.
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PART II: TURBIDITY AND ITS EFFECT ON THE ENVIRONMENT

7. Human activities such as dredging and filling operations and agri-
cultural, industrial, and municipal effluents are contributing to the increase
in turbidity and suspended material. Turbidity creates aesthetic problems
associated with the reduction in water quality. In addition, some aquatic
organisms are sensitive to increases in turbidity and resuspension material
(Stern and Stickle 1978). Turbidity is not a simple parameter, but represents
a complex composite of several variables that individually and collectively
interfere with the transmission of light through a liquid medium. Confusion
is created in view of the use of different interchangeable terms such as
transparency, visibility, clarity, opacity, color, and suspended solids. 1In
older literature, the word "siltation" has been used in place of turbidity
quite often., Stern and Stickle (1978) have reviewed the various definitions

on turbidity, and these are briefly explained in the following paragraphs.

Definitions

8. Several authors, including Austin (1973, 1974), Carranza (1973), and
McCluney (1975), have thoroughly and critically reviewed the various defini-
tions of turbidity appearing in the literature. The variety of substantially
different turbidity definitions is due first to the differing needs of inves-
tigators in various disciplines and whether true extinction (unscattered
light) or diffuse extinction (scattered and unscattered light) is involved,
and, secondly, whether several optical properties rather than a simple optical
property are operating.

9. A number of quantitative definitions based on optical and gravi-
metric principles are also available in the literature. The transmission of
light through water is always associated with attenuation caused by two pro-
cesses, absorption and scattering. According to McCluney (1975), some defini-
tions do not apply to the reduction in transparency caused by both processes.
Absorption is the conversion of radiant energy into other forms of energy,
including heat and photosynthetic energy. Jerlov (1970) indicates that scat-
tering is produced as a result of discrete particles and may be considered the

deviation of the incident beam from rectilinear propagation.

12




10. In natural waters the dissolved light-quenching components absorb
light, and the suspended particulates are responsible for absorption as well
as scattering, with angular variation of particulate scattering proportional
to the nature and size of the particles. In general, absorption predominates
in clear lakes and oceanic waters, while scattering is the predominant optical
property in rivers and estuaries.,

11. The term "turbidity" has numerous definitions and units of measure
and, for convenience, is used for all water clarity measurements., One of the
most widely accepted qualitative definitions of turbidity is that proposed by
the American Public Health Association (APHA) (1976). Turbidity is defined as
"an expression of the optical property of a sample that causes light to be
scattered and absorbed rather than transmitted in straight lines through the
sample." This definition is qualified with the additional statement that
"attempts to correlate turbidity with the weight concentration of suspended
matter are impractical because the size, shape and refractive index of the
particulate materials are important optically but bear little direct relation-~
ship to the concentration and specific gravity of suspended matter." This has
been demonstrated by numerous investigators (Stern and Stickle 1978). The
recognition of this led Carranza (1973) to include within his definition the
statement that turbidity must be defined and measured in a specific manner for
each discrete particle system. Although the APHA definition encompasses a
large number of other qualitative definitions found in the literature, several
authors argue that it is inadequate because it is not clear what methods of
measurement have been applied to turbidity and suspended material im aquatic
environments. Because the concept of turbidity involves optical properties
that cannot be correlated with the weight-volume concentration of suspended
material (which directly affects the aquatic fauna), several investigators
have suggested that the term be used only as a nontechnical descriptor of
appearance.

12. In this report the term "turbidity" will be used when an optical
measurement of water quality was made, and the term "total suspended sedi-
ments'" (TSS) will be used when a gravimetric measurement of water quality was
made. Also, the term "sediment resuspension' will be used to describe the
mixing of sediment into the water column due to dredging activities except in
cases where a specific term has gained acceptance in the literature such as

Nakai's (1978) "turbidity generation unit" (TGU).
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Turbidity Units

13. The units of turbidity measurement are as varied as the definitions
of turbidity., In the early 20th century, the Jackson Candle Turbidimeter was
used to measure turbidity., This turbidimeter consisted of a special candle
and a glass tube that had been graduated in Jackson Turbidity Units (JTU).

The measurement was made by pouring a turbid sample into the tube while
observing the candle flame through the sample., The turbidity in JTU's cor-
responded to the depth of the sample in the tube at the point of image
extinction. The candle turbidimeter is no longer widely used, but the scale
remains and is the basis for all turbidity measurements in JTU's. 1In 1926
formazin was developed as an alternate standardizing material., The formazin
turbidity standard has a Jackson turbidity value of 4,000 units. The new tur-
bidity unit, the Formazin Turbidity Unit (FTU), has been widely adopted. A
new unit, the Nephelometric Turbidity Unit (NTU), has been recently introduced
into usage by APHA (1976). Nephelometric units are based on a formazin stan-
dard and tie the unit of turbidity measure (the NTU) to the instrumental prin-
ciple (nephelometry) from which the unit is derived. Nephelometry measures
the amount of light reaching a sensor at 90 deg,* rather than at 180 deg, to
the incident beam as in most turbidimeters (Stern and Stickle 1978).

Turbidity Measurements

14, Stern and Stickle (1978) state that most of the currently used
methods of measurement of turbidity and suspended material are either gravi-
metric or optical measurements based on either standard suspension of known
turbidities or on the absolute measurement of some optical property. There is
common agreement that the optical instruments in use provide an infrared
rather than a direct measurement of suspended solids and that it is almost
impossible to transfer the relationships between sediment concentrations and
optical characteristics from one type of turbidimeter, standard suspension, or
unit of measure to another. Gravimetric techniques probably represent a more

accurate measurement of the effects of suspended solids on the aquatic fauna

* A table of factors for converting non-SI units of measurement to SI
(metric) units 1is presented on page 8.
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while optical measurements may be preferable for photosynthetic or aesthetic
purposes (Stern and Stickle 1978). Another turbidity measurement method which
is currently under investigation and has shown much promise is the multi-

frequency acoustic profiler (Datasonics, Inc. 1983).

Effects of Dredged Material Resuspension on the Environment

15. Pequegnat et al. (1978) discussed in detail the various impacts of
dredged material disposal on the ocean. These impacts are of short- and long-
term nature and can be grouped into the following three broad categories:

(a) physical impacts, (b) chemical impacts, and (c) biological impacts.
Increase in turbidity is one of the most important of the physical impacts.
The cloudiness associated with turbidity causes considerable unfavorable pub-
lic response to some dredging projects. The increase in turbidity accentuates
light to some extent. Pequegnat et al. (1978) found that turbidity is one of
the important factors controlling horizontal and vertical distributions of
bacteria and fungi in the ocean. A significant increase in turbidity is often
accompanied by an increase in bacteria counts, while a decrease in turbidity
generally causes decreasing numbers of bacteria. Other important physical
impacts of turbidity are the aesthetically displeasing nature of turbidity,
decreasing availability of food, migration of mobile organisms out of the
environment, topographic modifications, and moderate modifications of bottom
currents.

16. Pequegnat et al. (1978) examined the chemical impacts of dredged
material on the disposal environment and stated that they are difficult to
predict and even more difficult to control. The dredging and disposal prac-
tices are likely to affect adversely the water quality parameters such as
oxygen, nutrients, trace metals, and pesticides that are known to affect
marine life. 1In order to evaluate these effects, the USEPA (1973a, 1973b)
recommends the elutriate test, which is designed to simulate open-water dis-
posal of dredged material.

17. Keeley and Engler (1974) discussed the rationale behind the elutri-
ate test development as follows:

...regulatory agencies faced with the legislative requirement of estab-
lishing dredged material criteria must strive to establish meaningful
criteria based on the best possible knowledge, and avoid the tendency
to set forth criteria that preceded the current technical state of the

15

-




art. Furthermore, regulatory criteria should be based on laboratory
procedures that can be performed satisfactorily in routine testing
laboratories as opposed to complicated procedures that can only be con-
ducted in sophisticated research-level laboratories.

Figure 1 depicts the standard elutriate test. This test involves mixing sedi-
ment to be dredged with water from the dredging or disposal site, separating
the two, and analyzing the water, especially for nutrients and known contami-
nants., The elutriate test has added greatly to the understanding of contami-
nant releases into the water column. Among the important chemical impacts are
the changes in oxygen concentration; the uptake and release of nutrients; and
the uptake and release of toxins such as trace metals, halogenated hydrocar-
bons, petroleum hydrocarbons, and unknown toxins as detected by biocassay. It
is generally recognized that some oxygen loss will occur when any sediment is
exposed to oxygenated water, but the magnitude of the loss will depend on the
particular. sediment and the chemical and physical factors in the disposal
environment (Pequegnat et al. 1978). One measure of the potential loss is the

chemical oxygen demand (COD) of the material. The Federal Water Quality
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Figure 1. Standard elutriate test
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Administration (FWQA) criteria for the suitability of the sediment for dredg-
ing and disposal gave a maximum value of 5 percent (i.e. 5 percent of the
sediment, by dry weight, requires oxygen to stabilize). The uptake and
release of nutrients can have potentially significant effects on both pelagic
and benthic organisms. The extent of biological effects, however, is largely
dependent on the rate of dilution of added nutrients and the rate of renewal
of water. Studies conducted earlier by Ketchum (1972) have revealed that
man's activities are drastically increasing the input of many metals to the
ocean (Pequegnat et al, 1978). Some metals such as mercury, cadmium, arsenic,
chromium, copper, and lead can act as powerful toxins, not only to marine
organisms but also to man if he consumes seafood contaminated with these. The
magnitude of impact from these sources would depend on the mobility of these
materials and their availability to the biota. Lee (1976) found that the
effects of chemical contaminants on the water column are primarily short term
and are manifested either as toxicity to water column organisms or stimulation
of noxious aquatic plants. He further stated that the real concern over chem-~
ical contaminants is from the potential long-term chronic toxicity effect and
the transfer of contaminants from sediments to fish and other organisms.

:C. Stern and Stickle (1978) concluded that turbidity and suspended
material can play both a beneficial and a detrimental role in aquatic environ-
ments. Suspended material sorbs and removes contaminants from the water col-
umn and stimulates photosynthesis through the introduction of inorganic
nutrients. There is also a possibility that the nutrients might stimulate
excessive biological growth and that turbidity might reduce photosynthetic
activities because of its interference with light penetration, Pequegnat
et al. (1978) made a detailed study of the biological impacts of contaminated
dredged material. Their analysis indicated in some detail the types of bio-
logical effects likely to occur within the areas most heavily impacted by
disposal materials. Among the important biological impacts listed are
destruction of spawning areas, smothering and suffocation of organisms, and
sorption of toxic materials. Both Pequegnat et al. (1978) and Stern and
Stickle (1978) have concluded from their studies that, although some temporary
and local damage may occur to the benthic species, the temporary increases in
turbidity and suspended material will not cause significant or long-lasting

effects to the benthic species of the marine ecosystems.
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PART III: WATER QUALITY AND USEPA REGULATIONS

19. Dredging and filling in navigable US waters have been regulated for
80 ye. 3 under provisions of Section 10 of the River and Harbor Act of 1899.
Since 1968, major Federal legislation has expanded the criteria for decision
on Section 10 permit applications to include numerous public interest factors
in addition to navigation, With the enactment of the Federal Water Pollution
Control Amendments of 1972, Section 13 of the 1899 Act was amended and
expanded to create a water pollution control program regulating discharges of
all classes of pollutants into the Nation's waters. The new statute estab-
lished the Section 404 program to regulate discharges of dredged or fill mate-
rial with responsibilities for administration divided between the Department
of the Army and the Administrator of the Environmental Protection Agency. The
geographic scope of the Section 404 program is substantially broader than that
available in the 1899 Act (Crowder 1980).

20. The National Environmental Policy Act of 1969, the National His-
toric Preservation Act of 1966, and the Coastal Zone Management Act of 1972
are the major environmental laws which, in combination with the River and Har-
bor Act of 1899, have substantially improved the degree to which environmental
values are protected through the Department of the Army's Section 10 permit
program. These statutes, together with a number of other environmental and
other laws, have led to the Department of the Army's expansion of the public
interest review of permit applications to embrace currently a total of 16 spe-
cifically named factors (Crowder 1980). These 16 factors are conservation,
economics, aesthetics, general environmental concerns, historic values, fish
and wildlife values, flood-damage prevention, laud use, navigation, recrea-
tion, water supply, water quality, energy needs, safety, food production, and
the needs and welfare of the people in general. The Federal Water Pollution
Control Act of 1972 (FWPA) is a comprehensive water pollution control act and
embodies a national goal '"to restore and maintain the chemical, physical and
biological integrity of the Nation's waters."

21. In the United States, there is much concern regarding toxic sedi-
ments in both marine and fresh waters. Sediments carrying toxic chemicals can
enter the waters from several sources., Sediments already in place may also
acquire toxic substances through waste discharges or accidental spills. Apart

from sediments coming from soil erosion, the principal sediments are materials
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discharged through pipes and materials dumped from ships and barges (Bartsch
1976). Some of these sediments become dredged material at a later time, The
United States, like many other countries, has experienced a number of episodes
involving toxic substances in bottom sediments, notably polychlorinated
biphenyl (PCB), mercury, kepone, etc. Because these toxic substances entered
into the food chain, it was found desirable to establish tolerance limits in
food. Therefore, various agencies such as the USEPA and the US Food and Drug
Administration established tolerance limits for various toxic substances in

water.
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PART IV: SEDIMENT RESUSPENSION

Classification and Properties of Dredged Material

22. The total quantity of sediment resuspended during a dredging pro-
cess depends on the type of dredges used as well as the type of soil being
dredged. A large volume of data is available on the soil characteristics at
different dredging sites in the United States. Bartos (1977) conducted
detailed studies on the classification and engineering properties of dredged
material from various US dredging sites. The frequently dredged USACE naviga-
tion projects from where the sediment samples were taken are shown in
Figure 2,

23. A number of standard soil properties tests were used to determine
the physical and engineering properties of dredged material samples. Soil
tests included (a) classification properties tests such as grain size, plas-
ticity analyses, and organic content determinations and (b) engineering prop-

erties tests such as compaction, consolidation, and shear strength., 1In the

@ - HARBORS

@g - CLOSELY SPACED HARBORS

PN - NAVIGATION CHANNELS

Figure 2. Location of study projects (from Bartos 1977)
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study, the various dredging sites were grouped into five regions: region A,
Gulf States; region B, South Atlantic; region C, North Atlantic; region D,
Great Lakes; and region E, Pacific Coast. Figures 3 and 4 show the regional
distribution of dredged material types according to the Unified Soil Classifi-
cation System (USCS). Figure 5 gives grain-size distribution curves for typi-
cal samples from regions A to E. Table 1 shows the ranges of classification
test data determined for the dredged material. The information presented in
this report is indicative of the types of dredged material found in each of
the study regions.

24, The samples of dredged material taken from within the Gulf States
study region fell into seven of the USCS classification groups. Figure 3
shows that less than 33 percent of the samples were classified as sandy mate-
rial and the remaining two-~thirds (67 percent). consisted mostly of CH, which
means inorganic fines of high plasticity. In the South Atlantic study region,
the dredged material samples ranged from poorly graded gravels (GP) to plastic
and organic clays (CH and OH). In the North Atlantic study region the samples
consisted of 27-percent organic clay and 26-percent poorly graded sand, and
the remaining samples were evenly distributed among 10 different classifica-
tions of the USCS system. In the Great Lakes study region, the predominant
types of dredged samples were poorly graded sand (SP) and clay of high plas-
ticity (CH). The majority of the fine-grained material was highly plastic
(CH). There were no samples of organic dredged material. TIn the Pacific
Coast study region, the material ranged from well-graded sand (SW) to organic
fines (OH). The predominant type of dredged material was pcorly graded sand
(SP). Figure 4 shows the division of samples into four categories and is
intended to show the fractions of the samples there were coarse, plastic, non-

plastic, or organic.

Resuspension Potential of Sediments--lLaboratory Studies

25. In view of the potentially deleterious environmental effects caused
by sediment resuspension by dredging and open-water disposal operations,
detailed laboratory studies were conducted by Wechsler and Cogley (1977). Two
purposes of these studies were (a) to develop a means of predicting the
nature, duration, and extent of turbidity that a given sediment is likely to

produce when resuspended by dredging opciatiuns and (b) to evaluate the
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